An accident prediction model was developed for determining the accident potential of a vehicle while on transit. The model identifies the various factors responsible for vehicle crashes. With the help of accident data obtained from the database of the Nigerian Federal Road Safety Corps (FRSC), the percentage contribution of each factor is calculated. These accident-cause factors were further grouped into three distinct classes: Human factors (HF), Mechanical factors (MF) and Environmental factors (EF). Analysis of the accident data showed that HF is the chief cause of most road accidents recorded, followed by MF and EF with probabilities of 0.846, 0.138 and 0.016 respectively. Also, driver age, travel distance and maintenance frequency of the vehicle were considered in the development of the model. The model gives an output ranging from 0-1. Values close to 0 mean low accident probability while values close to 1 signify high accident probability. Application and adherence to this model will significantly reduce the frequency of road accidents. Finally, transport companies and fleet operators are therefore encouraged to embrace and use this innovation for safer operations.
INTRODUCTION
Road transport remains the chief universal means of transportation in Nigeria in comparison to air, rail, and water transport. Recent advances in technological development have resulted in the possible evolution of different types and models of modern and aesthetic vehicles with greater comfort and maneuverability; in contrast to the pre-colonial means of transportation such as the use of animals [1] . The influx of these vehicles and the expansion of fleet operators in Nigerian have crowded the Nigerian motoring environment, thereby making road traffic a major challenge to combat in the country [2] . These road traffic challenges in Nigeria often result in road traffic accidents, most times, with its attendant carnages. In the recent time, road traffic accident tolls have been on the increase in Nigeria. Several factors are responsible for this; they range from the drivers' attitude to the deplorable road network. The Nigerian roads have become death traps, with no protection for the users [2] . Travelers are often faced with the uncertainty of whether they would be able to reach their destinations and so become apprehensive of the journeys they make. This bothersome trend has great unfavorable effects on the nation's health system as well as her social and economic endeavors.
The ease in movement of human and items, notwithstanding, so many families have been bereaved of their breadwinners and loved ones by the menace of road traffic accidents in Nigeria [3, 4] . As reported by the FRSC, over 88,520 road users lost their lives between the years 1991 and 2000 alone, most of the victims were below 40 years of age [5] . Between the year 2012 and 2016 alone, about 57,894 road traffic accidents were recorded. Such factors as environmental, mechanical, human factors, etc. were responsible for the accidents [6] . Considering the precarious nature of the Nigerian roads, the poor maintenance culture of most transport vehicle owners and the unwholesome attitude of most drivers, there is a dire need to treat road accident as a major issue that requires urgent attention in order to prevent untimely deaths; reduce health risks, social and economic impacts it poses on the Nigerian road users in particular and the society at large.
Over 50 percent of the aggregate global road traffic deaths involve persons of ages 15 to 44; in their key productive years [7, 8] . Furthermore, the disability load for this age group records about 60.0 percent of all disability-life years [7] . The consequences and costs of these losses are momentous. About 3/4 of the total deprived families who lost their loved ones in a traffic crash reported a decline in their livelihood, and about 61.0 percent reported that they had resorted to borrowing money for their daily expenses, consequent upon their loss [7] . The World Bank report estimated that road traffic injuries cost between 2 percent to 3 per cent of the GDP of developing countries, or twice the total development aid given worldwide to developing countries [9] . Though transport agencies often try to identify the most hazardous road spot, and put enormous efforts into protective measures, the yearly traffic crash toll has not hitherto been appreciably reduced [9] .
Road crash, prediction models are crucial tools in highway safety, considering its ability to determine both the crash frequency and the degree of severity of crash [10] . Measures for useful interventions to trim down crash toll include design of safer road infrastructure and integration of road safety elements into land use and transport planning; upgrading of vehicle safety attributes; advancement of post-crash care for victims of road traffic crashes; and enhancement of driver behavior as well as raising public consciousness [10] . About 35,092 road traffic fatalities were documented in the US in 2015, an increase of 7.2% compared to the preceding year [10] . It is in consideration of these trend that the research is targeted at developing a model that could predict the probability of a transport vehicle to have accident while on transit. This prediction model would be used by transport agencies/fleet owners to increase knowledge of the safety of their vehicles [10] .
METHODOLOGY
The study involves the use of road traffic accident data sourced from the robust database of the FRSC, a federal government agency saddled with the responsibility of managing road traffic in Nigeria, to develop an accident prediction model. Twenty accident-cause factors were considered responsible for the various road traffic accidents that occurred throughout the country during the period. The collected accident data covered a period of five years from 2012 to 2016 of accident occurrence (Table 1 ). The accident data was analyzed to reflect the various accident-cause factors and their various probabilities. The data was then used to derive the respective accident occurrence probabilities for each of the accident-cause factors.
The twenty accident-cause factors presented in Table 1 are further classified into the three chief accident-cause factors: Human factors HF, Mechanical factors MF and Environmental factors EF. With the above classification, an accident flowchart is developed as presented in Fig. 1 . Fig. 1 shows the summarized accident-cause factors responsible for accident occurrences during the five-year period. The accident flowchart makes it easier to appreciate the accident-cause factors at a glance. 
Fig. 1. Flowchart showing the causes of road transport accident
Based on data from [10, 11, 12] , and interactions with fleet operators and transport company workers, the age group of the driver A i , maintenance frequency of the vehicle B j and the distance of travel C k were used as chief accident predictors. The various accident predictive factors (A i , B j and C k ) were scored based on their individual accident-cause load (the susceptibility to accident cause). These scores were utilized in computing the fractional scores. Table 2 shows the analysis of the accident predictive factors point scores as well as their respective fractional scores (Ҳ i,j,k ). These fractional scores are integrated into the model for accident prediction.
In the development of the desired accident prediction model, the accident data (Table 1) was further manipulated to obtain the respective accident-cause fractions (probabilities, Pr) which form the basis for the model development. The various accident-cause factors and their respective probabilities are presented in Table 3 . The accident occurrence probability (Pr) for each accident-cause factor, is the ratio of the total accident caused by a particular factor to the cumulative accident occurrence over the entire five-year period. Pr is therefore the quotient of 'row total' (rt) and the 'column total', (ct) as shown in Table 3 .
P r for the three main accident cause factors as classified in Fig. 1 was also computed from Table  3 and the results shown in Table 4 .
As the analysis is based on actual accident data, the summation of the product of the accident-cause factors and its respective probabilities is equal to unity; indicating a 100% certainty of accident occurrence. This scenario is represented in mathematical form by Equation 1:
∑ {(Accident Cause factor) *(Accident Probability)} = 1
Therefore, it follows from Equation 1 that accident occurrence probability (according to Table 4 ) is expressed as
Notice that Equation 2 is the fundamental accident equation which forms the basis for the advancement of the model:
Hence,
Where:
pr i , pr j and pr k are accident-Cause probabilities of HF, ME and EF, respectively. Also, it is assumed that the coefficients HF, MF and EF are respectively equal to unity.
That is, HF = MF = EF =1
pr i = 0.846, pr j = 0.138and pr k = 0.016 (Table 2) Equation 1 is predicated on the assumption of 100% accident occurrence certainty, but in reality, this is not perfectly true. There exists as equal likelihood of no accident as there is likelihood of accident occurrence as transport vehicles are on transit. To compensate for this therefore, the parameter β, a summation of the interacting accident predictive factors , must be subtracted from the model output response.
Where: β= the uncertainty of accident occurring (i.e. the error term associated with the assumption that accident occurred when it actually did not occur). For n number of predictive factors, the parameter, β becomes β, i,j,k,…n , where i,j,k and n are the respective predictive factors. For purpose of convenience and clearer illustration, the number of predictive factors n has been limited to 3(i.e. n = 3); hence β, i,j,k .
By definition, β, i,j,k is the probability of either Ҳ i occurring or Ҳ j occurring or Ҳ k occurring ( The interplay of the accident predictive factors influences the probability of accident occurring or not as the transport vehicles transit from one point to the other. This is shown in equations 5-7.
Let ҳ i , ҳ j and ҳ k be the fractional score of A i , B j and C k , respectively (Table 2) . (7) In order to validate the developed accident prediction model, the various possible combinations of the predictive factors (age of the driver, maintenance frequency and distance of travel) are considered and then integrated into the model. The possible accident predictive factor combinations are obtained and presented in Table 5 .
Incorporating the different combinations into the accident model yields: 
RESULTS AND DISCUSSION
The developed accident prediction model was tested by integrating the various possible combinations of the concurrent predictive factors, as determined, into the model to predict the likelihood of accident occurrence. The model gave an output that ranged from 0 -1; values close to 0 mean low accident probability while values close to 1 depicted high accident occurrence probability. Table 6 shows the various possible predictive factor combinations as well as their accident probabilities (µ i,j,k ). Table 6 shows all the possible combinations considered. 66.67% of the total combinations have accident occurrence probabilities greater than 0.5. This implies a high accident potential. The remaining 33.33% has accident probability less than 0.5. Hence, vehicles are considered safer under these conditions. Generally, A1, B3, C3 combination gave the highest probability value of 0.8675 while A3, B1, C1 combination gave the least probability value of 0.2892. A more robust table showing the explanation of the various combinations is presented in Table 7 . From Tables 6 and 7 , it be could deduced that accident probability of a vehicle increases as the distance of travel increases and/or maintenance frequency of the vehicle reduces. Finally, transport companies are advised against employing drivers between the ages of 18-38 as accident probability is very high within this age.
CONCLUSION
In an attempt to tackle the problems posed by road accidents in our clime, particularly the transport vehicles, an accident prediction model has been developed in this paper for transport vehicles. The model integrated the interplay of the various accident-predictive factors for efficient prediction.
This model will help in reducing accidents involving transport vehicles and their drivers if strictly adhered to. As the results of the predictions suggest the probabilities of accident occurrence as well as offer informed guide for fleet operators' decision making, road accident occurrence will be effectively reduced. The focus is mostly on transport vehicles because the group is more prone to road accident than other categories of vehicles and drivers.
